Two phenolic allopyranosides and two phenolic amide allopyranosides, along with eight known phenolic compounds, including cimicifugic acids, shomaside B, fukiic acid, isoferulic acid, and piscidic acid, were isolated from the n-butanolic extract of rhizomes of Cimicifuga heracleifolia. On-line spectroscopic data for UV, NMR, and MS from a combination of LC-NMR and LC-MS techniques directly and rapidly provided sufficient structural information to identify and confirm all the structures of major phenolic compounds in the extract, in addition to their HPLC profiles. This combined analytic information was then used as a dereplication tool for structure-guided screening in order to isolate unknown phenolic compounds in the extract. Successive fractionation and purification using semi-preparative HPLC acquired four unknown allopyranosides, and their structures were identified as cis-ferulic acid 4-O-β-D-allopyranoside, trans-ferulic acid 4-O-β-D-allopyranoside, trans-feruloyltyramine 4-O-β-D-allopyranoside, and trans-feruloyl-(3-O-methyl)dopamine 4-O-β-D-allopyranoside, based on a subsequent spectroscopic interpretation.
Introduction
Plants of the genus Cimicifuga, a member of the family Ranunculaceae, are perennial plants distributed widely in Asia, Europe, and North America; and the dried rhizomes of most Cimicifuga species are commonly used as a traditional medicine and a herbal dietary supplement.
1,2 Numerous studies pertaining to this herbal drug have been performed on their phytochemical and bioactive constituents, and have included biological and pharmacological characterizations and clinical trials.
2 Also, Cimicifugae Rhizoma originating from Cimicifuga heracleifolia Komarov and Cimicifuga dahurica Maxim., have been traditionally utilized as antipyretic, analgesic, and anti-inflammatory drugs in China, Korea, and Japan. [2] [3] [4] However, although several biological and chemical characterizations have been previously performed on the C. heracleifolia extract, [5] [6] [7] the phytochemical aspects of the plant extract of this species have not yet been extensively investigated.
In the study of natural products chemistry, conventional bioassay-guided fractionation procedures often lead to the isolation of phytochemically or pharmacologically alreadyknown substances. Hence, various LC-coupled spectroscopic methods have been considerably applied to preliminary identification step at an early stage in order to distinguish target substances in the crude extracts.
8 HPLC-hyphenated spectroscopy with LC-NMR and LC-MS was applied in an attempt to acquire the detailed structural information of each LC peak from the crude extract of Cimicifuga heracleifolia rhizomes. The directly coupled HPLC, i.e, 1 H NMR spectroscopy and mass spectrometry, is known as a straightforward and efficient analytical technique that is increasingly being used to determine the structures of natural products, without the necessity of time-consuming and laborious isolations.
9-11
This combined method allows plant extracts to be screened not just for biological activity but at the same time for structural classes, which plays a significant role in the isolation of natural products having an unknown structure.
12 To date, a number of applications of LC-NMR combined with LC-MS to the identification or characterization of drug metabolism products in biofluids, natural products in crude plant extracts, and isomeric mixtures produced by chemical reactions have been described and summarized.
13-15
As part of our ongoing research pertaining to the identification of bioactive and novel natural products, the on-line structural elucidation of phenolic constituents via LC-NMR and LC-MS was carried out in an n-butanolic extract of C. heracleifolia extract in order to avoid isolating known substances during structure-guided natural product screening. A further isolation and purification step followed this derepli-cation procedure, which enabled the tracing of unknown phenolic constituents. Here, we describe in detail the application of LC-NMR and LC-ESIMS to the screening of novel phenolic and phenolic amide glycosides (3-6) from the rhizomes of C. heracleifolia, in addition to their isolation and structural elucidation and the rapid characterization of eight previously known major phenolic compounds (1, 2, 7-12).
Experimental Section
General Experimental Procedures. Optical rotation data were measured using a JASCO DIP 1000 digital polarimeter. 1 
H,

13
C, and 2D-NMR experiments were recorded using either a Varian Unity INOVA 500 or a Varian VNMRS 600 MHz NMR spectrometer. Here, LC-1 H NMR was performed on a Varian VNMRS 600 MHz NMR spectrometer ( 1 H: 600.006 MHz) hyphenated to a Varian ProStar HPLC system using a 150 µL triple-resonance microflow cryogenic probe. LC-MS was measured on a Varian 320-MS TQ mass spectrometer coupled to a Varian ProStar HPLC system in negative and positive ion mode electrospray ionization (ESI). High resolution mass (ESIMS) and LC-MS/MS spectra were measured on a Waters Synapt HDMS TOF mass spectrometer operating in negative electrospray ion mode. IR spectra were recorded using a Shimadzu IR Prestige-21 spectrometer, and UV spectra were obtained using an Optizen 3220UV spectrometer. Note that an analytical HPLC was performed on an Agilent HP1100 series, comprised of a degasser, a binary mixing pump, a column oven, and a DAD detector, using a Waters SunFire TM (4.6 mm × 150 mm, 5 μm) column. A semi-preparative HPLC was carried out on a Waters multisolvent delivery system that was connected to a DECASSIT Extraction Procedure. The dried rhizomes (3.0 kg) were exhaustively extracted (three times) using 80% MeOH at room temperature. The resultant MeOH extract was evaporated under 40°C at reduced pressure, and this extract (330.4 g) was then suspended in H 2 O and partitioned with nhexane, EtOAc, n-BuOH, and H 2 O, successively. The organic extracts, including the n-BuOH extract (37.0 g), were stored at −20 °C.
LC-MS Method. The HPLC method was initiated with 95% D 2 O containing 0.1% HCOOH/5% MeCN, followed by a gradient to 35% D 2 O containing 0.1% HCOOH/65% MeCN over 35 min (total run time 45 min), and its flow rate of 1.0 mL/min was split into 95% for UV detection (280 nm) and 5% for MS detection.
LC-NMR Method. Isolation of Allosides. An aliquot (10.21 g) of the nBuOH extract was separated using the semi-preparative HPLC on the peak-based fractionation, based on the following conditions: initiation with 88% H 2 O containing 0.1% HCOOH/12% MeCN, followed by a gradient to 55% H 2 O containing 0.1% HCOOH/45% MeCN for 40 min, at a flow rate of 4.0 mL/min and UV detection at 280 nm. Compounds 3 (4.0 mg) and 4 (3.3 mg) were purified by HPLC with a gradient solvent system; 95% 
Results and Discussion
Dried rhizomes of C. heracleifolia were extracted with 80% MeOH and fractionated by successive partitions with n-hexane, EtOAc, and n-BuOH to obtain three crude extracts. Based on preliminary analytical scale HPLC-DAD experimental results, the n-BuOH-soluble extract was finally selected for further LC-NMR and LC-MS studies. An initial fast LC-NMR experiment was performed in continuousflow mode. 1D LC- (Figure 2 ) based on both the LC-NMR and LC-MS data, and then analyzed using an off-line NMR after purification.
Phenolic glycosides 3 and 4 were isolated as a pale brownish amorphous powder. They exhibited highly similar UV absorption bands at 269 and 303 nm (3) and at 267 and 302 nm (4) with IR absorption bands corresponding to hydroxyl (3451 cm −1 in 3 and 3445 cm −1 in 4) and carbonyl (1634 cm C NMR spectra (Table 1) , compound 3 showed proton signals corresponding to a 1,3,4-trisubstitued benzene ring at δ H 7.21 (1H, d, J = 1.8 Hz, H-2), 7.06 (1H, d, J = 8.7 Hz, H-5), and 6.99 (1H, dd, J = 8.7, 1.8 Hz, H-6), with a cis-double bond at δ H 6.78 (1H, d, J = 12.6 Hz, H-7), 5.90 (1H, d, J = 12.6 Hz, H-8), and a methoxyl proton at δ H 3.76 (3H, s, 3-OMe), as well as a carboxyl carbon at δ C 172.4 (C-9). These data indicated that 3 had either an isoferuloyl or feruloyl moiety. In addition, seven oxygenbearing proton signals assignable to a glycosidic moiety were observed at δ (CH), 71.0 (CH), 66.3 (CH), 73.7 (CH), and 60.7 (CH 2 ). This glycosidic moiety was identified as β-D-allopyranoside, due to the large vicinal coupling constants of H-1 (J = 8.4 Hz) and splitting patterns of H-2 through H-5. Specifically, the triplet of H-3 with a small J value (3.0 Hz) indicated that this sugar proton was equatorially positioned. Indeed, the proton NMR data of β-D-allopyranosyl group is in good agreement with those of cyanogenic allopyranosides in the same NMR solvent (MeOH-d 4 ) . 19 The 2D NMR spectra including HSQC and HMBC displayed a methoxyl group attached to C-3, which indicated that the aglycone moiety is ferulic acid. Further HMBC correlations of H-1 to C-4 confirmed that an allopyranosyl group is linked to C-4 of ferulic acid. From these results, the structure of 3 was elucidated to be cis-ferulic acid 4-O-β-D-allopyranoside. C-8, CH) . As a result, the positions of methoxyl and allopyranose were identified to be C-3 and C-4, respectively, based on the HMBC correlations of H-1 at δ 5.27 (1H, d, J = 7.8 Hz) to C-4 at δ C 147.4 and a methoxyl at δ H 3.70 (3H, s) to C-3 at δ C 148.4, which are identical with those of 3. Thus, the structure of 4 was elucidated to be trans-ferulic acid 4-O-β-D-allopyranoside.
Compound 5 was obtained as a pale brownish amorphous powder, and its molecular formula was established as C 24 H 29 NO 9 by using the HRESIMS spectra obtained in negative ion mode (m/z 474.
[M-H]
− , calcd for C 24 H 28 NO 9 , 474.1764) (Figure 3) , based on the 24 carbon signals in the (4) were also shown, except for the upfield-shifted resonance (δ C 169.0) of the carbonyl group. These observations suggest that this compound is a phenolic amide that contains a functional group (-CONH-) consisting of a feruloyl allopyranose and 4-hydroxyphenethylamine moiety. Note that the presence of an amide bond was unambiguously confirmed by the NMR spectra of 5 in DMSO-d 6 . The proton signal corresponding to NH was observed at δ H 8.07 (1H, t, J = 5.7 Hz) in the 1 H NMR spectrum using DMSO-d 6 , which is not correlated with any carbon in the HSQC spectrum. In addition, this NH proton signal showed long-range correlations with C-8 methylene carbon at δ C 40.6 and C-9 carbonyl at δ C 165.1 in the HMBC NMR spectrum with DMSO-d 6 . The HMBC correlations unambiguously confirmed the attached position of allopyranose and a methoxyl group; and the configuration of allopyranose was identified to be b based on the J value (7.8 Hz) of the H-1 anomeric proton. From these results, the structure of 5 was identified as being that of trans-feruloyltyramine 4-O-β-D-allopyranoside.
Compound 6 was also isolated as pale brownish amorphous powder, and its molecular formula was established as , respectively. The NMR spectral data (Table 2 ) also showed allopyranosyl and trans-feruloyl moieties identical to those of 5. However, the ABX aromatic proton signals -two methylene and one methoxyl signals corresponding to O-methyldopamine, instead of a 4-hydroxyphenethylamine group-were observed at δ H 6.82 (1H, d, J = 1.8 Hz), 6.72 (1H, d, J = 8.1 Hz), and 6.67 (1H, dd, J = 8.1, 1.8 Hz), and at 2.77 (2H, t, J = 7.2 Hz), 3.49 (2H, t, J = 7.2 Hz) and 3.83 (3H, s). 2D NMR experiments with HSQC and HMBC were then performed to elucidate the unambiguous structure of 6. The allopyranose configuration was established to be β-form, based on the large vicinal coupling constants (7.8 Hz) of the anomeric proton, with the linked position being identified as C-4 in a trans-feruloyl moiety. In the HMBC spectrum, long-range coupling was shown between methoxyl at δ H 3.83 to C-3 of a dopamine moiety, and correlations of H-8 (δ H 3.49; 2H, t, J = 7.2 Hz) to C-9 (δ C 169.0) were also exhibited. Thus, the structure of 6 was identified to be transferuloyl-(3-O-methyl)dopamine 4-O-β-D-allopyranoside.
In this study, a fast and effective structural screening was successfully accomplished by combining LC-NMR and LC-ESIMS to identify known phenolic compounds using a single injection of C. heracleifolia extract with no subsequent isolation procedure. The acquired LC profiles and structural information for the known constituents were then applied to efficiently dereplicate unknown trace phenolic derivatives in an identical extract. The subsequent peakbased fractionation and purification for the selected LC peaks using semi-preparative HPLC then led to the isolation of novel phenolic and phenolic amide glycosides.
